The article deals with an economic order quantity (EOQ) inventory model for deteriorating items in which the supplier provides the purchaser a permissible delay in payment. This is so when deterioration of units in the inventory is subject to constant deterioration rate, demand rate is quadratic function of time and salvage value is associated with the deteriorated units. Shortages in the system are not allowed to occur. A mathematical formulation is developed when the supplier offers a permissible delay period to the customers under two circumstances: 1) when delay period is less than the cycle of time; and 2) when delay period is greater than the cycle of time. The method is suitable for the items like state-of-the-art aircrafts, super computers, laptops, android mobiles, seasonal items and machines and their spare parts. A solution procedure algorithm is given for finding the optimal order quantity which minimizes the total cost of an inventory system. The article includes numerical examples to support the effectiveness of the developed model. Finally, sensitivity analysis on some parameters on optimal solution is provided.
Introduction
It is commonly observed that most of the physical goods in which appreciable deterioration can take place when the item in stock undergoes changes or becomes out of fashion and consequently the loss must be taken into account when analyzing the model. Deterioration is a natural process which is defined as change, decay, evaporation, loss of utility or marginal value of the commodity.
Thus, to control and maintain the inventory of deteriorating items to satisfy customer's demand or retailer's order is very important in nowadays. Of late, many models have been developed for the control and maintenance of the inventory. Generally, for items like hardware, glassware, steel and toys, the rate of deterioration is too low; and there is little need for considering deterioration of the economic lot-size. But items like seasonal food, vegetables, fruit, blood, fish, meat, radioactive substances, alcohol, chemicals, gasoline, drugs, medicine etc. deteriorate remarkably overtime. In the history, the inventory models for deteriorating items have been continuously modified to become more practicable and realistic. Whitin [1] , the earliest researcher, studied the deterioration of fashion goods at the end of a prescribed storage period. The next earliest work was Ghare and Schrader's [2] who developed a simple EOQ (Economic Order Quantity) with constant rate of decay. After Ghare and Schrader's [2] work, many researchers worked on inventory model for deteriorating items assuming the rate of deterioration to be constant and time-dependent. Among the researchers, Covert and Philip [3] and Philip [4] used variable deterioration rate and assumption of constant demand rate and no shortages to formulate the inventory model for deteriorating items. An order-level inventory model for deteriorating items with constant demand rate and constant deterioration rate was presented by Shah and Jaiswal [5] . Donaldson [6] developed the classical EOQ model with time-varying linear demand pattern over a finite horizon of time. Aggarwal [7] presented a note on order-level inventory model for deteriorating items with constant deterioration rate and the constant demand rate. Dave and Patel [8] first presented the inventory model for deteriorating items with a linear increasing demand as time-varying demand and constant deterioration rate with no shortages over a finite horizon. Further, Sachan [9] extended Dave and Patel's [8] model to allow for shortages. An optimal inventory model for deteriorating items with two-staged demand rate and time-proportional deterioration rate and no shortages is studied by Singh et al. [10] . They determined EOQ and suggested optimal solution by considering demand rate as constant in first part of the cycle and linear increasing in the other part. The literature surveys by Nahmias [11] , Raafat [12] , Goyal and Giri [13] , Li et al. [14] , Bakker et al. [15] and Janssen et al. [16] cite up-to-date review of the advances made in the field of deteriorating inventory.
Recently, Khanra et al. [17] 
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Demand is considered as the driving force of the inventory system. Therefore, its role is important for the development of inventory system of deteriorating items.
While developing an inventory model, most of the inventory researchers usually consider the time-dependent demand either linear or exponential for the whole cycle. But in real life situations, the time-varying linear or exponential demand pattern seldom occurs because the linear demand pattern represents the uniform change in demand whereas the other indicates the rapid change in demand.
Dash et al. [18] studied a model for deteriorating items considering exponential declining demand and time-varying holding cost. The advantage of time-dependent quadratic demand rate is that it shows accelerated growth in demand in mid-season and accelerated decline in demand occurs when the season ends. ades, several inventory models were developed for finding the economic replenishment polices with time-dependent demand pattern. Goswami and Chaudhuri [19] , Chakrabarti and Chaudhuri [20] , Benkherouf [21] etc. have proposed EOQ models for deteriorating items focusing on the time-varying linear demand. The inventory models for deteriorating items with time-varying exponentially demand patterns are also studied by Wee [22] and Jalan and Chaudhuri [23] . But in real life situations, the time-varying linear or exponential demand pattern seldom occurs because the linear demand pattern represents the uniform change in demand whereas the other indicates the rapid change in demand.
Khanra and Chaudhuri [24] and Ghosh and Chaudhuri [25] etc. have developed the inventory models taking time-varying quadratic demand rate into consideration. A note on a two-warehouse inventory model for deteriorating items with varying quadratic demand under conditionally permissible delay in payment is proposed by Singh and Pattanayak [26] . Singh and Pattanayak [27] developed an EOQ inventory model for deteriorating items with quadratic demand and partial backlogging with no shortages.
In the conventional EOQ inventory model, the costs of the items are assumed to be paid at the time of delivery by the supplier. However, this assumption is not always suitable for business practices, as the supplier allows credit facilities to attract more customers for business competition situations. Such an advantage is likely to motivate customer to order more quantities because paying later indirectly reduces the purchase cost. In business competitions, the practical scenario for the supplier to survive in the market is to offer customers some grace period enabling them to pay later. The customer does not have to pay any interest during this fixed period, but if the payment gets delayed, the supplier will charge interest for the period. Generally, the credit period in which the suppliers offer to the retailers with interest is known as the trade credit period or permissible delay period or delay period. During this period, he may sell the goods, accumulate revenues on the sales and earn interest on that revenue. In other words, trade credit period is a powerful promotional tool by which suppliers encourage and attract the retailers. Therefore, trade credit plays an important role in inventory control for both the supplier and the customers. In business market, the unit selling price should be greater than the unit purchasing price.
Generally, suppliers offer delay period on purchase of items to the retailer. During this period, the retailer is encouraged to buy more items and accumulate revenues by selling items and earning interest. Initially, Goyal [28] inventory researchers try to develop simple and easy solution procedures for implementation in management science. In this regard, Chen et al. [31] proposed a simple arithmetic-geometric method to solve the inventory problem and established some discrimination terms to identify the unique optimal among three alternatives under conditionally permissible delay in payment. Singh et al. [32] studied an EOQ model for a deteriorating item with initial order quantity demand and inventory dependent deterioration under permissible delay in payment scheme.
Most of the inventory models developed assumed that the deterioration of a unit is a complete loss and that these deteriorated units have no sale value. They are considered as lost. But, in real life situations, the supplier can offer a fixed reduced unit cost to his retailer for the deteriorated stock in order to reduce the total inventory cost. In other words, inclusion of salvage value into the deteriorated stock benefits both the supplier and retailer. The proposed strategy can be implemented in inventory control model of selling seasonal items, fashion items, automobiles, smart phones and machines and their spare parts. In the several articles, the models assumed that deteriorated units have salvage values. So they are considered as lost in business. To overcome such loss, supplier can offer to his retailer reduced unit cost for the deteriorated stocks. In this respect, Jaggi 
Fundamental Assumptions
The following assumptions are needed for developing the mathematical model:
1) The deterioration rate is constant for the period, which is practically very small.
2) A single type of item is considered over a prescribed period.
3) The delivery lead time (i.e., the length of time between making a decision to replenish an item and its actual addition to stock) is zero. 4) Replacement rate occurs instantaneously.
5)
The demand rate is known and is a quadratic increasing function of time.
6) The planning horizon of the inventory system is infinite.
7)
No shortages in inventory are allowed.
8) The supplier offers the purchaser a delay period in paying for purchasing cost and the purchaser can accumulate revenues by selling items and by earning interest.
Model Development
The 
with the boundary conditions ( )
and ( ) 0
where ( ) 2 R t a bt ct = + + .
The solution of Equation (1) is given by
and the order quantity is ( )
Now, the model is analyzed under three possibilities depending upon the relationship between delay period and cycle time.
Case A: p t T < . (Delay period is less than the cycle time).
The total variable cost comprises the sum of the ordering cost, holding cost, deterioration cost and interest chargeable minus the sum of the salvage value of the deteriorated items and interest earned. They are grouped together after evaluating the above costs individually.
1) The ordering cost ( OC ) is
2) The deterioration cost ( DC ): 
The total number of deteriorated units is given by ( ) 
Thus, the deterioration cost ( DC ) for the period [ ] 0,T is 
3) The salvage value ( CSV ) for deteriorated items for the period [ ] 0,T is 
where 1
6) The interest earned ( A EI ) for the period [ ] 0,T is ( ) 
The total cost function for the period [ ] 0,T is defined as
The total variable cost per unit time ( 
( )
The objective of the problem is to determine the optimal value of T so that ( ) TVC T is minimized. The necessary condition to minimize ( )
provided it satisfies the condition ( ) 
The second order of ( ) A TVC T with respect to T is as follows: 
T. 
EI C I tR t t C I t T R t t bT cT aT bT cT C I T a t
Here, the total cost function in this case is defined as 
The necessary condition to minimize ( ) B TVC T for a given value of p t is
provided it satisfies the condition ( )
From (20) , the respective non-linear equation is 
(Delay period is equal to the cycle time).
The respective cost function is obtained from either Equation (13) Based on the results above, a procedure is derived to locate the optimal cycle time for the two cases.
Solution Procedure
The following Solution procedure is recommended for the calculation of EOQ and optimal solution.
Step I: Perform (1)-(9).
1) Assign values to the parameters.
2) Solve equation (15) The following numerical examples are presented in order to demonstrate the above solution procedure which can be applied to determine the optimal solution. 
Numerical Examples

Sensitivity Analysis
The effect of changing of the several parameters on the optimal cycle time and the optimal total cost is studied. The sensitivity analysis of the parameters present in this model is also performed. The optimal values of the total average cost ( ) * TVC T change significantly with changes (−50%, −25%, −10%, +10%, +25%, +50%) of different parameters value in Table 1 based on Example 1.
On the basis of sensitivity analysis of the parameters, the following features 
Conclusions
The proposed model assumes an EOQ model for deteriorating items with the time-dependent quadratic increasing demand under permissible delay in payment. The reason for considering quadratic demand rate is that it depicts different phases of market demand including accelerated rise or fall in demand.
Shortages are not permitted in this inventory system. Salvage value is included in the deteriorated units. The model is suitable for the demand of items such as state-of-the-art aircrafts, super computers, laptops, android mobiles, seasonal items and machines and their spare parts and also newly launched fashion goods, seasonal items, cosmetics etc. for which the demand rate accelerates as they are launched into the market and declines when the season ends. The objective of the model is to optimize the cycle time, ordering cost and the total system costs. Further, several numerical examples and sensitivity analysis with respect to various parameters are presented to validate the theoretical results.
In the future study, it is hoped to extend and incorporate the proposed model into several situations, such as, varying deterioration rate like Weibull distribution and Gamma distribution. Also, we could generalize the model to incorporate quantity discounts, inflation rates and allow for shortages and partial backlogging and other things. The present idea can be extended to consider the parameter as fuzzy or stochastic fuzzy. In addition, we could extend the deterministic demand to stochastic fluctuating demand patterns.
